to adequately study the possible link between thermospheric and middle atmospheric odd nitrogen, it is necessary to be able to perform rapid photolysis calculations which allow for varying amounts of NO opacity.
We begin by outlining the procedures used to calculate cross sections for nitric oxide in section 2. Results for the photolysis frequency are presented in section 3, followed by a discussion of the solar cycle variation of J•o in section 4. A parameterization suitable for use in photochemical models is developed in section 5 which allows for use of an arbitrary NO column to account for effects of self absorption, facilitating the study of possible coupling between the upper and middle atmosphere. The impact of continuing uncertainties in NO spectroscopic parameters is addressed in section 6, and concluding remarks are contained in section 7.
NITRIC OXIDE CROSS SECTIONS
The nitric oxide cross section is determined by performing a detailed calculation of the rotational structure of each band. The cross section is a function of altitude through the temperature dependence of the population of energy states and the thermal broadening of line profiles. We evaluate x10 -3 for the (0-0), 5.4 x10 -3 for the (1-0)). In section 6
we discuss the consequences of this assumption.
The quantity S(J•,J ") is the HSnl-London factor for a transition between rotational levels J" and J'. Following FH79, we use the formulae of Erkovich et al. [1964] to calculate S(J', J"). These expressions are based on the assumption that the upper electronic state (C) can be described by Hund's case b, while the lower electronic state (X) follows Hund's case a. A total of 12 branches are considered: six (P, Q, R, and three satellite branches) from each of the two substates of the X ground state.
There are two limitations associated with the use of the Erkovich formulae. First, the C state coupling is not pure Hund's case b, and second, perturbations between the B and C states can affect the rotational intensities. We calculated revised cross sections using HSnl-London factors given by Kovacs [1969] , which account more explicitly for intermediate coupling cases. Effects on calculated photolysis rates for the 5(0-0) band were small: the difference was less than 8% at all altitudes. Regarding the C state perturbation, the B and C state coupling has been shown to be localized over a relatively small range of rotational levels [Lagerqvist and Miescher, 1958; Mandelman and Cartington, 1974] and we found our calculated value of J•o to be largely insensitive to the relative intensities of a small number of rotational lines. Indeed, the success of the parameterization described in section 6 is directly related to the validity of assuming a nearly random distribution of intensities.
The last term in equation ( (6)) were taken to be unity. The latter assumption may not be strictly correct; however, it is appropriate for estimating the maximum possible contribution to nitric oxide predissocialion. Figure Second, the shape of R(z) indicated in Figure 5 differs from that given by Frederick et al. [1983] . They found that the ratio defined by equation (7) attained a minimum value in the upper stratosphere and approached unity in the lower stratosphere. While we are aware of two possible processes that could be responsible for this behavior, neither seems sufficient. First, the variation of temperature with altitude can affect the rotational population of energy levels, causing a mismatch between strong lines in the stratosphere and those at higher altitudes. The rate of NO photodissociation in the stratosphere therefore would not be influenced by NO absorption in the mesosphere and thermosphere. We investigated this effect and found changes in the rotational structure of the cross section to be negligible in affecting NO self absorption. Second, the penetration of radiation in the O2 S-R bands may be correlated with the cross section of nitric oxide such that enhanced attenuation of radiation by O9• occurs in spectral regions corresponding to strong lines in the NO cross section. As a result, the primary contribution to NO photolysis in the stratosphere might shift to absorption in weak lines where effects of self absorption are not important. However, as discussed in section 5, we find no significant correlations between 09. and NO cross sections which could allow equation (7) to approach a value of unity in the stratosphere. Figures 8 and 9 show the result of performing this operation on the O2 cross sections displayed in Figures I and 2 , respectively. The abscissa is transformed in both cases from wavelength to the ODF, which can be viewed as the probability of the cross section being less than the assigned value, a(ODF), within the spectral interval. Integrations over wavelength can instead be carried out over the ODF with substantial computational savings. The histograms shown in Figures 8 and 9 above 50 km. Due to difficulties associated with evaluating transmission at very large 02 optical paths, the combined NO J value determined by our parameterization should not be considered reliable when it falls below a factor of 10 -5 of the value at zero optical depth.
DISCUSSION OF UNCERTAINTIES
The largest potential for error in our results originates from uncertainties in spectroscopic quantities for nitric oxide, particularly the oscillator strengths for the 5(0-0) and 5(1-0) bands and predissociation widths for the 5(1-0) band. As indicated earlier, the range of measured values for the oscillator strengths suggests that the associated uncertainty may be of the order of +25%. We point out that values used here are on the low side of this range, which allows for the possibility that actual cross sections for the NO 5 bands may be 50% larger than we calculate. In the absence of NO opacity effects, such an increase in the cross section would produce a si•nilar change in the NO photolysis rate at all altitudes. The effect of self absorption by NO should tend to mitigate variations in the photolysis rate due to changes in the magnitude of the oscillator strength. We performed sensitivity studies which included absorption by nitric oxide using the "mealiron" NO profile from section 4, and found that an increase of 50% in the oscillator strength led to enhance•nents of only 30 to 40% in the stratospheric photolysis 
where we use •he same no•ation as in equation (11). The errors in photolysis rates calculated using the above corrections to the cross sections given in Table I Our results emphasize the importance of a precise treat-merit of attenuation by the O2 S-R bands in calculating the NO photolysis rate. This work offers an improvement in this respect over previous studies of NO photodissociation due to the availability o{ more accurate spectroscopic data on the O2 S-R bands. Unfortunately, the same cannot be said regarding the current status of NO spectroscopy in the 5 bands. Further laboratory study of the 5 bands is clearly warranted in light of the large uncertainties in values for the band oscillator strengths, predissociation widths, and emission and quenching rates. All of these quantities are important in determining the magnitude of the NO photolysis rate, but we have found that values for the predissociation widths, in particular, can have a significant impact on the effect of opacity by NO, with potentially important consequences for the solar cycle variation of the photolysis frequency.
